
AN APPROACH TO RECRUITMENT RESEARCH IN INSULAR ECOSYSTENS 

George W. Boehlert 
Southwest Fiaheries Center Honolulu Laboratory 

National Marine Fisheries Service, NOAA 
Honolulu, Hawaii 96 822-2396 USA 

AESTRACT: Population maintenance of species with pelagic larvae in island 
systems is poorly understood, but general agreement has emerged in recent years 
that processes in the plankton are responsible for recruitment variability. An 
initial, multi-disciplinary approach is suggested to examine questions of 
population maintenance with special attention to retention of larval forms 
around islands. Intensive but directed studies of physical and biological 
oceanography in waters surrounding an island and studies of f i s h  populations, 
including recruitment patterns on the island, are proposed. A rationale is 
developed for the initial study to be conducted at an isolated, oceanic island 
to simplify the survey w o r k  and interpretation of results. Such a study could 
lead to new insights on the planktonic processes which affect recruitment 
variablity and would be invaluable to the design of similar studies in more 
complicated archipelagic or tropical coastal systems. 
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1. INTRODUCTION 

M a r i n e  o r g a n i s m s  w h i c h  i n h a b i t  i s o l a t e d  i s l a n d s  o r  s e a m o u n t s  a r e  f a c e d  w i t h  
l i m i t e d  a d u l t  h a b i t a t  a n d  w i t h  o c e a n  c u r r e n t s  w h i c h  a d v e c t  l a r v a e  away f r o m  t h e  
s o u r c e  p o p u l a t i o n ;  some s p e c i e s  h a v e  p r o b a b l y  d e v e l o p e d  m e c h a n i s m s  f o r  p o p u l a t i o n  
m a i n t e n a n c e ,  b u t  t h e s e  r e m a i n  l a r g e l y  u n k n o w n  a t  t h e  p r e s e n t  t i m e .  T h u s  t h e  
p r o b l e m s  of  r e c r u i t m e n t  of i s l a n d  and  s e a m o u n t  r e s o u r c e s  d i f f e r  s i g n i f i c a n t l y  f r o m  
t h o s e  of s p e c i e s  a s s o c i a t e d  w i t h  c o n t i n e n t a l  s h e l f  a n d  s l o p e  r e g i o n s ,  r e g a r d l e s s  
i f  i n  b o r e a l ,  t e m p e r a t e ,  o r  t r o p i c a l  r e g i o n s .  I n  t h i s  p a p e r  I c o n s i d e r  s o m e  of 
t h e  q u e s t i o n s  w h i c h  m u s t  b e  a d d r e s s e d  i f  w e  a re  t o  b e t t e r  u n d e r s t a n d  t h e  p r o c e s s  
of r e c r u i t m e n t  i n  i s l a n d  and s e a m o u n t  e c o s y s t e m s .  

The vas t  m a j o r i t y  of  t r o p i c a l  m a r i n e  s p e c i e s ,  p a r t i c u l a r l y  t h o s e  of c o m m e r c i a l  
i m p o r t a n c e ,  a r e  c h a r a c t e r i z e d  b y  a l i f e  h i s t o r y  w i t h  a p e l a g i c  l a r v a l  s t a g e .  
W h i l e  e a r l y  s t u d i e s  t y p i c a l l y  s u g g e s t e d  t h a t  t h e s e  s t a g e s  were  a d a p t i v e  f o r  
d i s p e r s a l  ( E k m a n , 1 9 5 3 ) ,  an a l t e r n a t e  v i e w  was d e v e l o p e d  b y  J o h a n n e s  ( 1 9 7 8 1 ,  who 
a r g u e d  t h a t  p e l a g i c  l a r v a e  w e r e  a n  a d a p t a t i o n  t o  m i n i m i z e  p r e d a t i o n  o f  t h e  
v u l n e r a b l e  l a r v a l  s t a g e s .  S t i l l ,  o t h e r  s c i e n t i s t s  h o l d  t o  t h e  c o n c e p t  t h a t  
d i s p e r s a l  r e m a i n s  t h e  s e l e c t i v e  a d v a n t a g e  o f  a p e l a g i c  s t a g e  (Barlow,  1981). 

To u n d e r s t a n d  r e c r u i t m e n t  i n  i n s u l a r  e c o s y s t e m s ,  t h e  a b o v e  i s s u e  is i m p o r t a n t  
b o t  t h e  f a c t  T e m a i n s  t h a t  p e l a g i c  l a r v a e  m u s t  r e t u r n  t o  r e p l e n i s h  t h e  s o u r c e  
p o p u l a t i o n .  S e v e r a l  e a r l y  s t u d i e s  o f  r e e f  f i s h  e c o l o g y  h e l d  t h a t  s p a c e ,  r a t h e r  
t h a n  r e c r u i t m e n t ,  was t h e  l i m i t i n g  f a c t o r  t o  t h e s e  p o p u l a t i o n s  ( S m i t h  and  T y l e r  
1972,  19751, i n f e r r i n g  t h a t  a l a r g e  p o o l  of  p o t e n t i a l  r e c r u i t s  c o u l d  f i l l  s p a c e  on 
t h e  r e e f  a t  a n y  t i m e .  I f  t h i s  w e r e  i n d e e d  t h e  c a s e ,  f i s h e r y  e x p l o i t a t i o n  o f  a 
g i v e n  p o p u l a t i o n  s i z e  c o u l d  p o s s i b l y  b e  m a i n t a i n e d  a t  a h i g h e r  l e v e l  t h a n  i f  
r e c r u i t m e n t  were v a r i a b l e  and t h e  l i m i t i n g  f a c t o r .  U n f o r t u n a t e l y ,  more d e t a i l e d  
s t u d y  h a s  shown t h a t  r e c r u i t m e n t  i s  h i g h l y  v a r i a b l e  w i t h i n  s p e c i e s .  On a s h o r t  
t i m e  s c a l e ,  V i c t o r  ( 1 9 8 2 )  h a s  s h o w n  s p o r a d i c  r e c r u i t m e n t  d e s p i t e  c o n t i n u o u s  
s p a w n i n g  i n  t h e  l a b r i d  T h a l a s s o m a  b i f a s c i a t u m .  O t h e r  s t u d i e s  h a v e  f u r t h e r  
d e m o n s t r a t e d  t h a t  r e c r u i t m e n t  i s  o n e  o f  t h e  m o s t  i m p o r t a n t  f a c t o r s  i n  t h e  
p o p u l a t i o n  d y n a m i c s  of  r e e f  f i s h e s  (Doherty,  1983;  W i l l i a m s ,  1983;  S a l e  a n d  Douglas  
L984). T h e  t e m p o r a l  c o m p o n e n t  o f  r e c r u i t m e n t  v a r i a b i l i t y  i s  p r o b a b l y  t h e  m o s t  
i m p o r t a n t ,  w i t h  i n t e r a n n u a l  d i f f e r e n c e s  of a t  l e a s t  a n  o r d e r  o f  m a g n i t u d e  (Shulman 
1 9 8 5 ) .  S p a t i a l  v a r i a t i o n s ,  a t  l e a s t  o n  t h e  s c a l e s  e x a m i n e d ,  w o u l d  a p p e a r  t o  b e  
l e s s  i m p o r t a n t .  S i m i l a r  r e c r u i t m e n t  p a t t e r n s  may o c c u r  o v e r  s c a l e s  o f  1 km 
( S h u l m a n , 1 9 8 5 )  t o  5 0  km, t h e  l a t t e r  a p p a r e n t l y  a f t e r  m i x i n g  o f  c o h o r t s  i n  t h e  
p l a n k t o n  ( V i c t o r ,  1 9 8 4 ) .  E c k e r t  ( 1 9 8 4 1 ,  h o w e v e r ,  n o t e d  l i t t l e  s i m i l a r i t y  i n  
s p a t i a l  r e c r u i t m e n t  p a t t e r n s  i n  a s e r i e s  o f  r e e f s  i n  t h e  G r e a t  B a r r i e r  R e e f  
s y s t e m ,  and  S a l e  & d. (1984)  s u g g e s t e d  t h a t  s p a t i a l  v a r i a b i l i t y  on  t h i s  s c a l e  i s  
a s  i m p o r t a n t  a s  v a r i a b i l i t y  i n  y e a r  c l a s s  s t r e n g t h .  T h e  q u e s t i o n  of s p a t i a l  
v a r i a t i o n s  a n d  i t s  r e l a t i o n s h i p  w i t h  t e m p o r a l  v a r i a b i l i t y  n e e d s  more work. 
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S i n c e  t h e  s o u r c e  o f  v a r i a b i l i t y  i n  r e c r u i t m e n t  o c c u r s  i n  t h e  p l a n k t o n i c  s t a g e  
( V i c t o r , 1 9 8 3 ;  W a r n e r . 1 9 8 4 )  t h i s  i s  a n  i m p o r t a n t  p l a c e  t o  b e g i n  i n v - e s t i g a t i o n s .  
The  i m p o r t a n t  p r o c e s s e s  t o  a d d r e s s  i n i t i a l l y  m u s t  b e  w h e t h e r  v a r i a b i l i t y  i n  
r e c r u i t m e n t  i s  u n d e r  p h y s i c a l  o r  b i o t i c  c o n t r o l .  I f  t h e  p e l a g i c  l a r v a l  s t a g e  i s  
a n  a d a p t a t i o n  t o  r e d u c e  p r e d a t i o n  a s  s u g g e s t e d  b y  J o h a n n e s  ( 1 9 7 8 1 ,  t h e n  b i o t i c  
e f f e c t s  i n  t h e  p l a n k t o n i c  e n v i r o n m e n t  may n o t  r e s u l t  i n  a s t r o n g  c o m p o n e n t  o f  
i n t e r a n n u a l  v a r i a b i l i t y .  P l a n k t o n i c  p r e y  of f i s h  l a r v a e  may b e  e n h a n c e d  on t h e  
m e s o s c a l e  by  t h e  " i s l a n d  m a s s  e f f e c t "  ( G i l m a r t i n  a n d  R e l e v a n t e , l 9 7 4 )  a n d  t h e  
a s s o c i a t e d  h i g h e r  s t a n d i n g  s t o c k s  of  p l a n k t o n  n e a r  i s l a n d s  ( J o n e s ,  1962). P h y s i c a l  
f a c t o r s ,  o n  t h e  o t h e r  h a n d ,  may p l a y  a m o r e  i m p o r t a n t  r o l e  i n  r e c r u i t m e n t  
v a r i a b i l i t y .  P h y s i c a l  o c e a n o g r a p h y  a r o u n d  i s l a n d s  i s  c o m p l e x  a n d  v a r i a b l e  
( B a r k l e y ,  1 9 7 2 ;  Hogg e t  4 . , 1 9 7 8 ;  P i n g r e e  a n d  M a d d o c k , l 9 8 0 ,  1 9 8 5 )  a n d  a d v e c t i o n  
l i k e l y  p l a y s  t h e  d o m i n a n t  r o l e  i n  v a r i a b i l i t y  i n  r e c r u i t m e n t  s t r e n g t h  i n  t r o p i c a l  
i s l a n d  s p e c i e s .  I n  t h e  l i f e  h i s t o r y ,  b i o t i c  f a c t o r s  may p l a y  t h e  d o m i n a n t  r o l e  
a f t e r  s e t t l e m e n t .  

2 .  MECHANISMS OF POFULATION EIAINTENARCE 

The r h y s i c a l  mechanisms i m p o r t a n t  i n  l a r v a l  r e t e n t i o n  a r o u n d  i s l a n d s ,  b a n k s ,  
o r  s e a m o u n t s  have  been  d i s c u s s e d  by  Bakun ( t h i s  v o l u m e )  and I w i l l  n o t  e l a b o r a t e  
on them here. The p h y s i c a l  p r o c e s s e s  a l o n e ,  however ,  a r e  n o t  l i k e l y  t o  r e s u l t  i n  
r e t e n t i o n  o f  l a r v a e ;  r e l a t e d  b i o l o g i c a l  p r o c e s s e s ,  s u c h  a s  t e m p o r a l  s p a w n i n g  
a c t i v i t y  by a d u l t s  and b e h a v i o r a l  a t t r i b u t e s  of t h e  p l a n k t o n i c  s t a g e s ,  d o u b t l e s s  
i n t e r a c t  w i t h  t h e  p h y s i c a l  m e c h a n i s m s  t o  r e s u l t  i n  r e t e n t i o n  a n d  u l t i m a t e  
r e c r u i t m e n t  ( L o b e l  a n d  R o b i n s o n ,  1 9 6 3 ) .  W h i l e  f l o w  p a t t e r n s  may r e s u l t  i n  
s i g n i f i c a n t  a g g r e g a t i o n  of p l a n k t o n i c  o r g a n i s m s  u n d e r  c e r t a i n  s i t u a t i o n s  (Hamner 
a n d  H a u r i ,  1 9 8 1 ) ,  i n s u l a r  h o l o p l a n k t o n i c  a s s e m b l a g e s  d i s t i n c t  f r o m  o c e a n i c  
a s s e m b l a g e s  o c c u r  a r o u n d  i s l a n d s  and p a t t e r n s  of c o n v e r g e n c e s  may m a i n t a i n  s u c h  
p o p u l a t i o n s  ( B o d e n , 1 9 5 2 ) .  P e t e r s o n  Lt a_l. ( 1 9 7 9 )  d e s c r i b e d  a s i m i l a r  m e c h a n i s m  
f o r  m a i n t e n a n c e  o f  a c o p e p o d  p o p u l a t i o n  i n  a n  u p w e l l i n g  a r e a ,  b u t  i n v o k e d  a 
b e h a v i o r a l ,  m e c h a n i s m  t o  e x p l a i n  d i f f e r e n t i a l  u t i l i z a t i o n  o f  c u r r e n t  p a t t e r n s .  
L a r v a e  a r e  c a p a b l e  of s i g n i f i c a n t  b e h a v i o r a l  r e s p o n s e s  t o  p h y s i c a l  f a c t o r s  w h i c h  
may r e s u l t  i n  a l t e r a t i o n s  i n  t h e  d i s t r i b u t i o n  p a t t e r n  ( B o e h l e r t  and  Mundy, 1986). 

E d d i e s  a n d  g y r e s  w h i c h  f o r m  a r o u n d  i s l a n d s  a n d  s e a m o u n t s  may a c t  t o  t r a p  
waters  f o r  s i g n i f i c a n t  p e r i o d s  of  t i m e  ( P i n g r e e  a n d  Maddock, 1980;  W o l a n s k i  ef d. 
1 9 8 4 ) .  S a l e  ( 1 9 7 0 1 ,  E m e r y  ( 1 9 7 2 1 ,  a n d  S h o m u r a  a n d  B a r k l e y  ( 1 9 7 9 )  s u g g e s t e d  t h a t  
s u c h  e d d i e s  w e r e  i m p o r t a n t  i n  r e t a i n i n g  p l a n k t o n i c  s t a g e s .  F u r t h e r  c o n c e p t u a l  
d e v e l o p m e n t  o f  t h i s  i d e a  h a s  b e e n  p r o v i d e d  b y  L o b e l  a n d  R o b i n s o n  ( 1 9 8 3 ) ;  d a t a  
s u p p o r t i n g  t h e  r o l e  of e d d i e s  i n  p o p u l a t i o n  m a i n t e n a n c e  e x i s t  f o r  t h e  c o n t i n e n t a l  
s h e l f  o f f  N o r w a y  (Sundby,  1 9 8 4 ) ,  R o c k a l l  Bank ( D o o l e y .  1 9 8 4 1 ,  a n d  G e o r g e ' s  Bank 
( S m i t h  a n d  M o r s e ,  1 9 6 5 ) .  U n d e r s t a n d i n g  t h e  p h y s i c a l  a n d  t e m p o r a l  a t t r i b u t e s  o f  
such  e d d i e s  w i l l  b e  n e c e s s a r y  t o  show t h e i r  i m p o r t a n c e  i n  a r e c r u i t m e n t  mechanism.  
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3 .  CURRENT RESEARCH APPROACHES 

The s t u d y  of  r e c r u i t m e n t  h a s  h i s t o r i c a l l y  t a k e n  i n d i r e c t  a p p r o a c h e s  w h i c h  look 
a t  t h e  f i n a l  r e s u l t ,  i n c l u d i n g  a g e  d i s t r i b u t i o n s ,  y e a r  c l a s s  s t r e n g t h s ,  a n d ,  i n  
t h e  c a s e  of r e e f  f i s h e s ,  t e m p o r a l  and s p a t i a l  r e c r u i t m e n t  p a t t e r n s ,  l o o k i n g  a t  t h e  
r e s u l t s  o f  t h e  p r o c e s s  o f  r e c r u i t m e n t  r a t h e r  t h a n  t h e  m e c h a n i s m .  Many of t h e  
r e c e n t  s t u d i e s  o u t l i n e d  a b o v e  d e m o n s t r a t e  s i g n i f i c a n t  t e m p o r a l  v a r i a b i l i t y  i n  
r e c r u i t m e n t ,  i n c l u d i n g .  i n t e r a n n u a l  v a r i a b i l i t y ,  d e s p i t e  a r e l a t i v e l y  s t a b l e  
s p a w n i n g  s t o c k .  T h e  w o r k  o f  V i c t o r  ( 1 9 8 3 ,  1 9 8 4 1 ,  i n  p a r t i c u l a r ,  p o i n t s  t o  
p r o c e s s e s  i n  t h e  p l a n k t o n  w h i c h  d e t e r m i n e  t h e  t i m i n g  a n d  s t r e n g t h  of  r e c r u i t m e n t  
i n  t r o p i c a l  s y s t e m s  (Warner, 1984). The n o r t h e r n  anchovy i n  t h e  C a l i f o r n i a  C u r r e n t  
s y s t e m  was s t u d i e d  f o r  many y e a r s  a s  p a r t  o f  t h e  C a l C O F I  p r o g r a m  a n d  t h i s  
h i s t o r i c a l  d a t a  b a s e  o n  l a r v a l  d i s t r i b u t i o n  a n d  a b u n d a n c e  h a s  b e e n  c r i t i c a l  t o  
f u r t h e r  work;  t h e  g r e a t e s t  a d v a n c e s  i n  u n d e r s t a n d i n g  c a u s e s  of r e c r u i t m e n t  s u c c e s s  
o r  f a i l u r e ,  however ,  have  been  made i n  t h e  l a s t  d e c a d e  by  d e t e r m i n i n g  t h e  r o l e  of 
p h y s i c a l  ( s t o r m s ,  t u r b u l e n c e )  and b i o t i c  ( p r e y  m i c r o d i s t r i b u t i o n )  f a c t o r s  ( L a s k e r  
1 9 7 5 ,  1 9 7 8 )  a n d  t h e i r  e f f e c t s  o n  m o r t a l i t y  i n  t h e  f i e l d .  T h i s  a p p r o a c h  h a s  
a l l o w e d  g e n e r a l i t i e s  t o  b e  d r a w n  a b o u t  s i m i l a r  e c o s y s t e m s  ( B a k u n ,  1 9 8 5 ) .  A 
c o m p a r a t i v e  a p p r o a c h  c o u l d  a l s o  b e  p r o f i t a b l e  i n  t r o p i c a l  s y s t e m s .  

Much of t h e  r e s e a r c h  on r e c r u i t m e n t  i n  t r o p i c a l  f i s h e s  h a s  a d d r e s s e d  t h e  i s s u e  
o f  t h e  h i g h  d i v e r s i t y  o f  r e e f  f i s h e s  ( S a l e ,  1 9 8 2 1 ,  b u t  r e c e n t  S t u d i e s  o n  
r e c r u i t m e n t  h a v e  d i r e c t e d  more  r e s e a r c h e r s  t o  l o o k  t o  p r o c e s s e s  i n  t h e  p l a n k t o n  a s  
d e t e r m i n a n t s  o f  r e c r u i t m e n t  ( H e l f m a n ,  1 9 7 8 ;  D o h e r t y  e-it aJ. 1 9 8 5 ;  M c F a r l a n d  a n d  
Ogden,  1 9 8 5 ) .  S t u d i e s  on  t h e  r e e f  h a v e  d o c u m e n t e d  s p a w n i n g  a c t i v i t y  a n d  
r e c r u i t m e n t  p a t t e r n s ,  b u t  l i t t l e  r e s e a r c h  h a s  b e e n  done  on t h e  i n t e r v e n i n g  p e l a g i c  
s t a g e  ( M c F a r l a n d  a n d  O g d e n , l S 8 5 ) .  S t i l l ,  r e s e a r c h  o n  t h e  g r o w t h  p a t t e r n s  o f  
r e c r u i t s  h a s  r e s u l t e d  i n  a g r e a t e r  u n d e r s t a n d i n g  of  t h e  t i m i n g  and  v a r i a b i l i t y  of 
r e c r u i t m e n t .  Use of  d a i l y  g r o w t h  i n c r e m e n t s  on new r e c r u i t s  and  t h e  a b i l i t y  t o  
d e t e c t  " r e c r u i t m e n t  m a r k s "  o n  o l d e r  o n e s  ( R a l s t o n , 1 9 7 5 ;  B r o t h e r s  a n d  M c F a r l a n d  
1 9 7 9 )  h a s  l e d  t o  i n f e r e n c e s  r e g a r d i n g  a g e  a t  r e c r u i t m e n t  f o r  many s p e c i e s  
( B r o t h e r s  and T h r e s h e r ,  1985;  B r o t h e r s  e_t 4. 1983). - A p p l i c a t i o n  o f  t h i s  t e c h n i q u e  
t o  a s i n g l e  s p e c i e s  h a s  s h o w n  a h i g h  d e g r e e  o f  s p a t i a l  c o h e r e n c e  i n  r e c r u i t m e n t  
p a t t e r n  o v e r  a s c a l e  o f  50  km i n  t h e  C a r i b b e a n  ( V i c t o r , 1 9 8 4 ) ;  t h i s  s t u d y  was 
s i g n i f i c a n t  i n  t h a t  t h e  a g e s  w i t h i n  g r o u p s  r e c r u i t i n g  a t  t h e  same t i m e  were mixed ,  
s u g g e s t i n g  t h a t  c o h o r t s  s p a w n e d  a t  d i f f e r e n t  t i m e s  were  m i x e d  i n  t h e  p l a n k t o n .  
These  s t u d i e s  a r e  i m p o r t a n t  a n d  a l l o w  u s  t o  d r a w  i n f e r e n c e s  a b o u t  p r o c e s s e s  
o c c u r r i n g  i n  t h e  p l a n k t o n i c  e n v i r o n m e n t .  

T h e r e  h a v e  b e e n  f e w e r  s t u d i e s  i n  t h e  p e l a g i c  e n v i r o n m e n t  i n  t r o p i c a l  
e c o s y s t e m s  w h i c h  r e l a t e  t o  r e c r u i t m e n t .  D i s t r i b u t i o n a l  s t u d i e s  h a v e  t y p i c a l l y  
l a c k e d  t h e  d e t a i l e d  p h y s i c a l  m e a s u r e m e n t s  n e c e s s a r y  t o  u n d e r s t a n d  t h e  m e a n i n g  of 
o b s e r v e d  p a t t e r n s .  S e v e r a l  i n t r i g u i n g  r e s u l t s  n o n e t h e l e s s  e x i s t .  Miller (19741, 
€ o r  example ,  n o t e d  d i f f e r e n c e s  i n  abundance  o f  f i s h  l a r v a e  u p s t r e a m ,  d o w n s t r e a m ,  
and i n  t h e  r e e f  w a t e r s  o f  M o l o k i n i ,  a s m a l l  i s l e t  n e a r  Maui i n  H a w a i i ;  l a r v a l  f i s h  
i n  r e e f  w a t e r s  and  d o w n s t r e a m  w e r e  t y p i c a l l y  s m a l l e r  t h a n  i n  u p s t r e a m  waters ,  b u t  
were 26 and 4 t i m e s  a s  a b u n d a n t ,  r e s p e c t i v e l y .  I t  i s  known t h a t  a r e a s  o f  s t a g n a n t  
w a t e r  may b e  h e l d  i n  t h e  l e e  of i s l a n d s  i n  r e s p o n s e  t o  a c u r r e n t  ( P i n g r e e  a n d  
M a d d o c k , l 9 8 0 ;  W o l a n s k i  et al. 1 9 8 4 )  a n d  t h a t  z o o p l a n k t o n  may s w a r m  o r  f o r m  
a g g r e g a t i o n s  i n  s u c h  l o c a t i o n s  (Iiamner and H a u r i ,  1981) .  An i n t e r e s t i n g  p o i n t  of 
Mil ler ' s  s t u d y ,  however ,  was t h a t  d e n s i t i e s  of  p a s s i v e l y  t r a n s p o r t e d  t u n i c a t e  e g g s  
d i d  n o t  d i f f e r  among t h e  t h r e e  a r e a s ,  s u g g e s t i n g  t h a t  l a r v a l  b e h a v i o r  w a s  a n  
i g p o r t a n t  f e a t u r e  o f  t h e  o b s e r v e d  d i s t r i b u t i o n 2 1  p a t t e r n s .  O t h e r  s t u d i e s  i n  
H a w a i i  h a v e  d o c i i m e n t e d  d i f f e r e n c e s  i n  d i s t r i b u t i o n s 1  p a t t e r n s  a m o n g  d i f f e r e n t  
g r o u p s  o f  i c h t h y o p l a n k t o c  ( L e i s  a n d  Mi l l e r ,  1 0 7 C ;  icis 1 9 8 2 b ) ;  L e i s  ( 1 9 8 2 a )  h a s  
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a l s o  u s e d  e g g s  a n d  l a r v a e  o f  n e a r s h o r e  s p e c i e s  a s  t r a c e r s  o f  c o a s t a l  w a t e r  b u t  
l a t e r  s u g g e s t e d  t h a t  " t h e  a s s u m p t i o n  t h a t  l a r v a e  o f  r e e f  f i s h e s  a r e  p a s s i v e  
p a r t i c l e s  t o  b e  t r e a t e d  a s  c o n s e r v a t i v e  p r o p e r t i e s  of  water  p a r c e l s  i s  u n j u s t i f i e d  
w i t h o u t  much more i n f o r m a t i o n  t h a n  i s  c u r r e n t l y  a v a i l a b l e  o n  l a r v a l  b e h a v i o r "  
( L e i s  a n d  G o l d m a n , 1 9 8 4 ) .  W h i l e  t h e s e  s t u d i e s  p r o v i d e  i n t r i g u i n g  r e s u l t s ,  t h e y  
l a c k  t h e  c o n c u r r e n t  p h y s i c a l  d a t a  n e c e s s a r y  f o r  f i r m  i n t e r p r e t a t i o n .  More r e c e n t  
s t u d i e s  o n  s m a l l  r e e f s  w i t h i n  t h e  Grea t  B a r r i e r  R e e f  h a v e  i n c l u d e d  p h y s i c a l  
m e a s u r e m e n t s  ( L e i s  and Goldman, 1983,  1984;  W i l l i a m s  e t  a l .  1984). 

4 .  AN APPROACH TO UNDERSTANDING INSULAR RECRUITMENT MECHANISMS 

Components  o f  a f a i r l y  c o m p r e h e n s i v e  program a d d r e s s i n g  i n s u l a r  r e c r u i t m e n t  i n  
t h e  C a r i b b e a n  were d i s c u s s e d  i n  R i c h a r d s  (1982)  a n d  i n c l u d e d  s t u d i e s  o f  p h y s i c a l  
o c e a n o g r a p h y ,  l a r v a l  d i s t r i b u t i o n ,  p l a n k t o l o g y ,  p r i m a r y  p r o d u c t i v i t y ,  a n d  
f i s h e r i e s  d a t a  a n a l y s i s .  I n  t h i s  p a p e r  I recommend a more m o d e s t  a p p r o a c h  f o r  a n  
i n i t i a l  b u t  i n t e n s i v e  s tudy .  I f  we a g r e e  t h a t  p r o c e s s e s  i n  t h e  p l a n k t o n  are t h e  
m a j o r  s o u r c e  o f  v a r i a b i l i t y  i n  r e c r u i t m e n t ,  t h e n  w e  n a r r o w  t h e  p r i m a r y  s o u r c e s  of 
t h i s  v a r i a b i l i t y  t o  e i t h e r  p h y s i c a l  ( a d v e c t i o n )  or b i o t i c  ( p r e d a t i o n ,  p r e y  
a v a i l a b i l i t y )  f a c t o r s  ( H u n t e r ,  1 9 7 6 ) .  W h i l e  t h e  b i o t i c  f a c t o r s  d o u b t l e s s  p l a y  a 
r o l e ,  s t u d y  o f  p r e d a t i o n -  or s t a r v a t i o n - i n d u c e d  m o r t a l i t i e s  may b e  p r e m a t u r e  i n  
t r o p i c a l  e c o s y s t e m s ,  m a i n l y  b e c a u s e  o u r  u n d e r s t a n d i n g  o f  d i s t r i b u t i o n a l  p a t t e r n s  
i s  somewhat  r u d i m e n t a r y  and a b u n d a n c e s  of  shore- f  i s h  l a r v a e  a r e  q u i t e  low ( L e i s  
a n d  Miller,  1 9 7 6 ) .  R e e f  f i s h e s  t y p i c a l l y  h a v e  e x t e n d e d  s p a w n i n g  s e a s o n s  a n d  
a p p a r e n t l y  u s e  a p l a n k t o n i c  s t a g e  t o  r e d u c e  p r e d a t i o n  o n  t h e  r e e f  ( J o h a n n e s ,  1978;  
T h r e s h e r  a n d  B r b t h e r s , l 9 8 5 ) ;  a l s o ,  s p e c i e s  w i t h  p l a n k t o n i c  e g g s  may s p a w n  i n  a 
m a n n e r  w h i c h  m i n i m i z e s  t e m p o r a l  a n d  s p a t i a l  o v e r l a p  w i t h . p r e d a t o r s  ( F r a n k  a n d  
L e g g e t t ,  1 9 8 5 ) .  A l t h o u g h  p r e d a t i o n  may b e  a n  i m p o r t a n t  s o u r c e  o f  i n t e r a n n u a l  
v a r i a b i l i t y  i n  m o r t a l i t y  o f  l a r v a l  s t a g e s ,  i t  w i l l  b e  d i f f i c u l t  t o  s t u d y  w i t h o u t  
knowledge  of  d i s t r i b u t i o n .  A d v e c t i o n  and  o t h e r  p h y s i c a l  f a c t o r s  may i n i t i a l l y  b e  
a m o r e  t r a c t a b l e  p r o b l e m  f o r  s t u d y  a n d  c l e a r l y ,  p l a y  a n  i m p o r t a n t  r o l e  i n  
r e c r u i t m e n t  v a r i a b i l i t y  i n  t r o p i c a l  i s l a n d  e c o s y s t e m s .  W h i l e  n o t  i n t e n s i v e l y  
s t u d y i n g  p r e y  a n d  p r e d a t o r  d i s t r i b u t i o n ,  a n  i n i t i a l  s t u d y  o f  a d v e c t i o n ,  
d i s t r i b u t i o n ,  and  r e t e n t i o n  m e c h a n i s m s  wou I d  p r o v i d e  p r e l i m i n a r y  d i s t r i b u t i o n a l  
d a t a  w h i c h  c o u l d  l a t e r  b e  u s e d  t o  d e s i g n  s t u d i e s  of  p r e y  m i c r o s c a l e  d i s t r i b u t i o n  
(Owen,1981) o r  p r e d a t i o n  and s t a r v a t i o n  ( H e w i t t  a al. 1985) .  

A n o t h e r  way t o  s i m p l i f y  a n  i n i t i a l  t r o p i c a l  r e c r u i t m e n t  e x p e r i m e n t  w o u l d  b e  t o  
c o n d u c t  t h e  w o r k  a r o u n d  a n  i s o l a t e d ,  o c e a n i c  i s l a n d .  T h i s  p r o v i d e s  t w o  
a d v a n t a g e s .  F i r s t ,  t h e  c o m p l e x i t i e s  i n  p h y s i c a l  o c e a n o g r a p h y  i n h e r e n t  i n  
a r c h i p e l a g i c  s y s t e m s ,  i n c l u d i n g  e d d i e s  and d o w n s t r e a m  e f f e c t s ,  w i l l  b e  m i n i m i z e d  
(Bark ley ,  1972). S e c o n d l y ,  i t  a v o i d s  t h e  problem of  a n  unknown s o u r c e  p o p u l a t i o n .  
E a r l y  l a r v a e  a n d  t h e  v a s t  m a j o r i t y  o f  r e c r u i t s  o f  s h o r e  f i s h e s  c a p t u r e d  n e a r  a n  
i s o l a t e d  o c e a n i c  i s l a n d  w e r e  l i k e l y  s p a w n e d  t h e r e .  S h o r e - b a s e d  s t u d i e s  o f  
r e c r u i t m e n t  ( V i c t o r ,  1 9 8 2 ,  1 9 8 4 ;  M c F a r l a n d  aJ. 1 9 8 5 ;  S h u l m a n ,  1 9 8 5 )  h a v e  
t y p i c a l l y  n o t  a d d r e s s e d  t h e  p r o b l e m  o f  t h e  s o u r c e  o f  r e c r u i t s .  W i t h  a p e l a g i c  
d u r a t i o n  o f  2 0 - 5 0  d a y s  ( B r o t h e r s  a n d  T h r e s h e r ,  1 9 8 5 1 ,  r e c r u i t s  c o u l d  c o m e  f r o m  a 
wide  g e o g r a p h i c  a r e a .  Remain ing  i n  a n  i s o l a t e d  s y s t e m  f o r  a n  i n i t i a l  e x p e r i m e n t  
t h u s  h a s  t h e  a d v a n t a g e  of p r o v i d i n g  a b e t t e r  u n d e r s t a n d i n g  o f  t h e  p r i m a r y  
mechanisms i n v o l v e d  i n  l a r v a l  r e t e n t i o n  and r e c r u i t m e n t  w h i c h  may t h e n  b e  a p p l i e d  
t o  more c o m p l i c a t e d  s y s t e m s ;  i t  a l s o  w i l l  a d d r e s s  t h e  q u e s t i o n  o f  l o c a l l y  
r e c r u i t i n g  p o p u l a t i o n s  p r o p o s e d  by  Bakun ( t h i s  vo lume) .  A n o t h e r  a d v a n t a g e  i s  t h a t  
t h e  p o p u l a t i o n s  may b e  u n e x p l o i t e d  and  t h u s  p o p u l a t i o n  c h a r a c t e r i s t i c s  s u c h  as  a g e  
d i s t r i b u t i o n  a n d  n a t u r a l  m o r t a l i t y  c a n  b e  d e t e r m i n e d  f r o m  s a m p l i n g  a n d  a g e  
a n a l y s i s .  
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T h e  p r o p o s e d  s t u d y  w o u l d  i n v o l v e  p h y s i c a l  a n d  b i o l o g i c a l  c o n p o n e n t s .  T h e  
p h y s i c a l  o c e a n o g r a p h i c  component  would  i n v o l v e  p r i m a r i l y  m e a s u r e m e n t s  o f  m e s o s c a l e  
p h e n o m e n a ,  f i r s t  l o o k i n g  a t  t h e  g e n e r a l  g e o s t r o p h i c  f l o w  c o m p o n e n t  a n d  i t s  
v a r i a b i l i t y  and  s t u d y i n g  t h e  e f f e c t s  of  t h e  i s l a n d  on f l o w ,  i n c l u d i n g  b o t h  l o c a l  
a n d  d o w n s t r e a m  E f f e c t s .  S p e c i f i c a l l y ,  t h e  p h y s i c a l  r e t e n t i o n  m e c h a n i s m s  
c o n s i d e r e d  i n  B a k u n  ( t h i s  v o l u m e )  m u s t  b e  e v a l u a t e d  t o  a s s e s s  t h e i r  a b i l i t y  t o  
r e t a i n  l a r v a e  a n d  j u v e n i l e s  i n  t h e  r e g i o n  o f  t h e  i s l a n d .  I n  t h e  i n i t i a l ,  
i n t e n s i v e  s t u d i e s ,  s p e c i a l  c o n s i d e r a t i o n  s h o u l d  b e  g i v e n  t o  d e v e l o p i n g  s i m p l e r  
m e a n s  o f  d e t e r m i n i n g  f l o w  p a t t e r n s ,  i n c l u d i n g  u s e  o f  XBT d a t a ,  p e r h a p s  i n  
c o n j u n c t i o n  w i t h  o b j e c t i v e  a n a l y s i s  m o d e l s  (Mooers  and  Robinson,  1984) ,  s h o u l d  t h e y  
p r o v e  r e l i a b l e  i n  w a t e r s  a r o u n d  i s l a n d s .  S p e c i a l  a t t e n t i o n  s h o u l d  a l s o  b e  p a i d  t o  
r e m o t e  s e n s i n g  methods .  S u r f a c e  t h e r m a l  i m a g e s  i n  t h e  t r o p i c s  may n o t  b e  of g r e a t  
v a l u e ,  b u t  o c e a n  c o l o r  a n a l y s i s  c a n  b e  u s e d  t o  d e t e c t  v a r i a t i o n s  i n  c h l o r o p h y l l  
w h i c h  m i g h t  b e  r e l a t e d  t o  i s l a n d  e f f e c t s  (Dandonneau a n d  Charpy, 1985). S i m i l a r l y ,  
s a t e l l i t e  a l t i m e t r y  c o u l d  p o t e n t i a l l y  b e  u s e d  f o r  d e t e c t i o n  of  e d d i e s  o r  c u r r e n t  
p a t t e r n s  and may f a c i l i t a t e  s u b s e q u e n t  d e t e c t i o n  of  t h e  a p p r o p r i a t e  s i g n a l s .  

The b i o l o g i c a l  program i n  o f f s h o r e  waters  w i l l  b e  p r i m a r i l y  s h i p b o a r d  s a m p l i n g  
a n d  s h o u l d  c o n c e n t r a t e  o n  l o c a l  i s l e n d  s p c c i e s .  S a n p l i n g  f o r  v e r i a b i l i t y  i n  
abundance  and  m i c r o d i s t r i b u t i o n  of  p r e y ,  p r i m a r y  p r o d u c t i v i t y ,  2nd o t h e r  t r o p h i c  
f a c t o r s  would  b e  m i n i m i z e d  i n  t h i s  i n i t i a l  s t u d y .  P a t t e r n s  of  c h l o r o p h y l l  d i s t r i -  
b u t i o n ,  however ,  s h o u l d  b e  t a k e n  t o  g r o u n d - t r u t h  r e m o t e  s e n s i n g  p r o p o s e d  f o r  t h e  
p h y s i c a l  componen,t. I n i t i a l l y ,  2 l a r g e  s c a l e  s p e t i e l  s t u d y  o f  l n r v a l  and  j u v e n i l e  
f i s h  d i s t r i b u t i o n  w i l l  b e  n e c e s s a r y ,  i n c l u d i n g  u p s t r e a m / d o w n s t r e a m  s a m p l i n g  and 
i n t e n s i v e  s a m p l i n g  i n  t h e  i s l a n d  wake  r e g i o n  and n e a r s h o r e  w a t e r s .  As a n  e x a m p l e ,  
p r e l i m i n a r y  d a t a  o n  h o r i z o n t a l  i c h t h y o p l a n k t o n  a b u n d a n c e  a r o u n d  J o h n s t o n  I s l a n d  
( F i g u r e  1 )  d e m o n s t r a t e  t h a t  l a r v a l  a b u n d a n c e  i n  d o w n s t r e a m  w a t e r s  may b e  s e v e r a l  
t i m e s  h i g h e r  t h a n  i n  u p s t r e a m  w a t e r s ;  t h e  i n c r e a s e s  a r e  e x p l a i n e d  by i n c r e a s e s  of 
s h o r e - f  i s h  l a r v a e  a s  o p p o s e d  t o  m i d w a t e r  o r  n o n i n s u l a r  f o r m s .  U n f o r t u n a t e l y ,  
c o n c u r r e n t  p h y s i c a l  d a t a  a r e  u n a v a i l a b l e  f r o m  t h i s  s t u d y  t o  t e s t  t h e  r e t e n t i o n  
m e c h a n i s m s  p r o p o s e d  b y  B a k u n  ( t h i s  v o l u m e ) .  L i m i t e d  s a m p l i c g  s h o u l d  a l s o  b e  
c o n d u c t e d  i n  t h e  s h a l l o w s  o r  l a g o o n  w a t e r s ,  b u t  t h e s e  h a v e  n o t  t y p i c a l l y  b e e n  
s h o w n  t o  b e  i m p o r t a n t  n u r s e r i e s  f o r  m o s t  s p e c i e s  ( L e i s , 1 9 8 1 ;  L e i s  a n d  G o l d m a n  
1983). The i c h t h y o p l a n k t o n  s a m p l i n g  s h o u l d  b e  c o n d u c t e d  w i t h  h i g h  r e s o l u t i o n  i n  
t h e  v e r t i c a l  p l a n e ,  w i t h  c o n c u r r e n t  s a m p l i n g  of  p h y s i c a l  f a c t o r s  ( d e p t h ,  t e m p e r a -  
t u r e ,  s a l i n i t y )  a s  i s  d o n e  w i t h  t h e  M O C N E S S  o r  BIONESS n e t s .  S c o p i n g  s t u d i e s  
s h o u l d  b e  done  t o  d e t e r m i n e  t h e  d e p t h s  o f  r e s i d e n c e  of  s h o r e  f i s h  l a r v a e  and  t h e s e  
d e p t h s  s h o u l d  b e  s t u d i e d  i n t e n s i v e l y  t o  m i n i m i z e  t h e  needed  s a m p l i n g ;  t y p i c a l l y ,  
t h e  u p p e r  mixed  l a y e r  i s  w h e r e  t h e  m a j o r i t y  o f  s h o r e  f i s h  l a r v a e  w i l l  b e  f o u n d  i n  
t r o p i c a l  s y s t e m s ,  a s  s h o w n  f o r  w a t e r s  o f f  H a w a i i  ( F i g u r e  2). S t u d i e s  o f  t h e  
r e l a t i o n s h i p  of  l a r v a l  d i s t r i b u t i o n  t o  p h y s i c a l  and  d i e l  f a c t o r s  c a n  t h e n  b e  u s e d  
t o  i n f e r  b e h a v i o r a l  p a t t e r n s  and t h e i r  r o l e  i n  t h e  p h y s i c a l  r e t e n t i o n  mechanisms.  

L a r g e r  v o l u m e  s a m p l i n g  t e c h n i q u e s ,  p a r t i c u l a r l y  m i d w a t e r  t r a w l s ,  s h o u l d  b e  
u s e d  t o  d e f i n e  t h e  h o r i z o n t a l  p a t t e r n s  of  l a r g e r  l a r v a e  and  t r a n s f o r m e d  j u v e n i l e s  
w h i c h  a r e  r a r e  o r  u n d e r s a m p l e d  by  t h e  p l a n k t o n  g e a r ;  t o  m a x i m i z e  t h e  u s e  o f  
s h i p t i m e ,  l a r g e  n e t s  a s  d e s c r i b e d  i n  P e a r c y  (1980)  w h i c h  a r e  s e n i - q u a n t i t a t i v e  and 
h a v e  u n i f o r m  m e s h ,  s h o u l d  b e  u s e d .  S u c h  l a r g e  s a m p l i n g  g e a r  w a s  u s e d  b y  S a l e  
(1970) ,  who o b s e r v e d  o v e r a l l  d e n s i t i e s  o f  j u v e n i l e  c o n v i c t  s u r g e o n f  i s h ,  A c a n t h u r u s  
t r i o s t e g u s ,  o f  0 0 0 1 7  p e r  1 0 0 0  m’. A l t h o u g h  t h e s e  d e n s i t i e s  a r e  l o w ,  s u c h  n e t s  
m a y  s a m p l c  100 m 3  p e r  s e c o n d  when t o w e d  a t  2 k t  a n d  t h u s  d e t e c t  a r e a s  of m o d e r a t e  
d e n s i t y  w i t h  r e a s o n a b l e  s a m p l i n g  t i r i e s .  



- 39 - 

169O15.W 

FIGURE 1. D i s t r i b u t i o n  o f  i c h t h y o p l a n k t o n  a r o u n d  J o h n s t o n  I s l a n d  i n  November, 1 9 8 4  c o l l e c t e d  
f r o m  t h e  Taunsend C:mmx+l w i t h  a 1 m 2  o p e n i n g - c l o s i n g  T u c k e r  t r a w l .  D e n s i t i e s  r e f e r  t o  
n u m b e r s  o f  l a r v a e  per  1 0  m 3  i n  t h e  5 0 - 1 0 0  m d e p t h  s t r a t u m .  The  a r r o w  r e p r e s e n t s  s u r f a c e  
c u r r e n t  d e d u c e d  f rom d r o g u e s  d e p l o y e d  a month e a r l i e r  (P. S. L o b e l l  p e r s o n a l  c o m m u n i c a t i o n ) .  
N o t e  t h e  h i g h  d e n s i t y  o f  l a r v a e  o n  t h e  d o w n s t r e a m  s i d e  o f  t h e  i s l a n d .  D a t a  f r o m  B o e h l e r t  
( u n p u b l i s h e d ) .  A s t e r i s k s  i n d i c a t e  t h a t  c o l l e c t i o n s  w e r e  made a t  g - e a t e r  d i s t a n c e s  e a s t  and  
w e s t  o f  t h e  a t o l l .  

F I G U R E  2. 

Shore Flsh Larvae ( 5 6 )  Larval Denslty (Ind./103m3) 
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s i t i e s  ( l o g  s c a l e )  a s  a f u n c t i o n  o f  d e p t h  a t  b o t h  d a y  a n d  n i g h t  a t  a 
l e e w a r d  c o a s t  o f  Oahu, H a w a i i  ( l a t .  21°21 '  N . l  long .  158'13.3' W.) t a k e n  

i n  S e p t e m b e r ,  1985. Each v a l u e  r e p r e s e n t s  a s i n g l e  h a u l .  C l e a r  b a r s  r e p r e s e n t  day d e n s i t i e s ,  
c r o s s - h a t c h e d  b a r s  r e p r e s e n t  n i g h t  d e n s i t i e s .  The n e u s t o n  s a m p l e s  a r c  f rom t h e  s u r f a c e  t o  70 
cm. On t h e  l e f t  of t h e  f i g u r e ,  t h e  p e r c e n t a q e  of  s h o r e  f i s h  l a r v a e  ( a s  o p p o s e d  t o  p e l a g i c  o r  
m i d w a t c r  f i s h e s )  i s  shown,  w i t h  c losed r a u a r e s  r e p r e s e n t i n g  n i q h t ,  open  s q u a r e s  day s a m p l e s .  
Data f r o m  B o c h l e r t  and  Mundy ( u n p u b l i s h e d ) .  
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A n e a r s h o r e  b i o l o g i c a l  component of t h i s  s tudy  shou ld  be  developed t o  sample  
a l l  l i f e  s t a g e s  f rom new r e c r u i t s  t o  a d u l t s .  The a g e  s t r u c t u r e  of  a d u l t  
p o p u l a t i o n s  shou ld  be de t e rmined  w i t h  s u f f i c i e n t  numbers t o  a l low bo th  e s t i m a t i o n  
of m o r t a l i t y  r a t e s  and  v a r i a b i l i t y  i n  y e a r  c l a s s  s t r e n g t h .  T h e s e  s h o u l d  b e  
c o m b i n e d  w i t h  l e n g t h - b a s e d  m e t h o d o l o g i e s  t o  s t r e a m l i n e  s u b s e q u e n t  s a m p l i n g .  
Sampl ing  of new r e c r u i t s  should  be  unde r t aken  d u r i n g  and a f t e r  t h e  main o f f s h o r e  
s a m p l i n g .  T h i s  p a r t  o f  t h e  s t u d y  s h o u l d  a t  l e a s t  i n c l u d e  s u r v e y s  t o  assess  t h e  
d e n s i t i e s  of r e c r u i t s  and o t o l i t h  s t u d i e s  t o  d e t e r m i n e  t h e  b i r t h d a t e  and  
s e t t l e m e n t  d a t e  d i s t r i b u t i o n  of r e c r u i t s .  T h i s  w i l l  p rov ide  bo th  t h e  p l a n k t o n i c  
d u r a t i o n  and  t h e  s u c c e s s  of c o h o r t s  s a m p l e d  d u r i n g  e a r l i e r  o f f s h o r e  work .  The  
l a t t e r  work  w o u l d  b e  p a r t i c u l a r l y  i m p o r t a n t  t o  c o r r e l a t e  w i t h  p h y s i c a l  
o c e a n o g r a p h y  and  t h e  d i s t r i b u t i o n  and a b u n d a n c e  o f  e a r l i e r  l i f e  s t a g e s  i n  t h e  
p e l  a g i c  e n v i r  onm e n  t . 

From a t empora l  s t a n d p o i n t ,  t h e  i n t e n s i v e  s t u d y  shou ld  be  conducted  d u r i n g  t h e  
s e a s o n  w h i c h  c o i n c i d e s  w i t h  t h e  s p a w n i n g  p e a k s  of  m o s t  r e e f  s p e c i e s ,  b u t  
p r e f e r a b l y  f o r  a l o n g e r  p e r i o d  i n  t h e  f i r s t  y e a r  t o  a s s e s s  s e a s o n a l  v a r i a b i l i t y .  
The d u r a t i o n  of t h e  i n t e n s i v e  o f f s h o r e  s t u d y  shou ld  be  a t  l e a s t  one month, which  
w i l l  a l l o w  t h e  d i s t r i b u t i o n a l  and p h y s i c a l  a n a l y s i s  a s  w e l l  a s  c o i n c i d i n g  w i t h  t h e  
approx ima te  p e l a g i c  d u r a t i o n  of many f i s h  s p e c i e s  ( B r o t h e r s  a n d  T h r e s h e r ,  1985). 
This  t y p e  of s t u d y  shou ld  be  conducted ove r  a p e r i o d  of two o r  t h r e e  y e a r s  ( w i t h  
m o r e  p r e c i s e  and  t h e r e f o r e  l e s s  i n t e n s i v e  s a m p l i n g  e a c h  y e a r )  t o  assess  
i n t e r a n n u a l  v a r i a b i l i t y .  I f  r emote  s e n s i n g  methods prove u s e f u l ,  r e l e v a n t  d a t a  
cou ld  be  c o l l e c t e d  throughout  t h e  yea r .  

T h i s  s t u d y  s h o u l d  c o n c e n t r a t e  on any i n s u l a r  s p e c i e s  t o  a l l o w  f l e x i b i l i t y .  
Ta rge t  s p e c i e s  a t t r i b u t e s  shou ld  i n c l u d e  known l i f e  h i s t o r i e s  ( i d e n t i f i e d  l a r v a e ,  
j u v e n i l e  s t a g e s  and  h a b i t a t s ) ,  s u f f i c i e n t  l a r v a l  and  j u v e n i l e  a b u n d a n c e  t o  
s t a t i s t i c a l l y  assess d i s t r i b u t i o n a l  p a t t e r n s  and r e c r u i t m e n t .  and a l a r g e  enough 
a d u l t  p o p u l a t i o n  t o  a l l o w  r e p e a t e d  s a m p l i n g  and  e s t i m a t i o n  of p o p u l a t i o n  a g e  
s t r u c t u r e .  As w i t h  any ich thyopl t ink ton  program, however. t h e  proposed  r e s e a r c h  
s h o u l d  c o n s i d e r  t h e  s u i t e  of s p e c i e s  c a p t u r e d  i n  t h e  s t u d y  t o  e v a l u a t e  s p e c i e s  
a s s o c i a t i o n s .  

I f  f r amed  as a two t o  t h r e e  y e a r  s tudy .  t h i s  r e s e a r c h  could  p r o v i d e  answers  t o  
many unanswered q u e s t i o n s  about  r e c r u i t m e n t  i n  t r o p i c a l  i n s u l a r  ecosys tems.  The 
s t u d y  of an  i s o l a t e d  i s l a n d  ecosys tem would p r o v i d e  focused  hypo theses  wh ich  could  
t h e n  b e  t e s t e d  i n  t h e  more c o m p l i c a t e d  a r c h i p e l a g i c  and i s l a n d  group s y s t e m s  where  
f i s h e r i e s  f o r  a v a r i e t y  of s p e c i e s  w i t h  p e l a g i c  eggs and l a r v a e  e x i s t .  To a c h i e v e  
t h e s e  o b j e c t i v e s ,  however,  a n  i n t e n s i v e  and i n t e r d i s c i p l i n a r y  approach  w i l l  b e  
n e c e s s a r y .  
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